The relative amounts of influenza C virus-specific receptors of 25 established lines of mammalian cells including four lines of human malignant melanoma origin were compared by virus binding experiments. All the human melanoma cell cultures studied possessed two to four times more receptors than were found on MDCK cells, a cell line known to be highly susceptible to influenza C virus. It may therefore be a feature common to human melanoma cells that O-acetylsialic acid, a determinant for the attachment of influenza C virus, exists in large quantities on their surface. This is not specific to melanoma cells, however, since several human cell lines derived from lung cancer, gastric cancer, and placenta specimens also exhibited high levels of virus binding. Twenty of 25 virus-binding cell cultures were further examined for their ability to support the replication of influenza C virus. In the presence of trypsin (5 to 20 ~tg/ml), the virus was found to undergo multiple cycles of replication much more efficiently in the HMV-II line of human melanoma cells than in MDCK cells.
INTRODUCTION
Recently, Herrler et al. (1985) demonstrated that the receptor-destroying enzyme (RDE) of influenza C virus is neuraminate-O-acetylesterase which cleaves acetyl residues from position C-9 of 9-O-acetyl-N-acetylneuraminic acid (Neu5,9Ac2), suggesting that Neu5,9Ac2 may be a cellular receptor determinant for attachment of influenza C virus. This was confirmed when Rogers et al. (1986) found that human erythrocytes enzymically modified to contain Neu5,9Ac2 were agglutinated by the virus whereas cells containing N-acetylneuraminic acid (Neu5Ac) or N-glycolylneuraminic acid (Neu5G1) were not. It is still possible, however, that O-acetylsialic acids other than Neu5,9Ac2 can be receptor determinants for attachment of the virus since the viral RDE was able to cleave O-acetyl groups not only from Neu5,9Ac2 but also from several other O-acetylsialic acids produced by chemical modification of Neu5Ac and Neu5G1 (F. Kitame et al., unpublished data) . The technical difficulties in analysing O-acetylsialic acids, primarily caused by the loss and migration of O-acetyl groups during analysis (Varki & Diaz, 1984) , has greatly hampered studies of the distribution of O-acetylsialic acids in nature and the biological roles of the sialic acids. The finding that influenza C virus recognizes O-acetylsialic acids as receptor determinants raised the possibility that the virus might be useful as a sensitive probe for these sialic acid residues on cells.
Although seroepidemiological studies have revealed the world-wide distribution of influenza C virus (Minuse et al., 1954; Homma et al., 1982; Nishimura et al., 1987) , the virus has been isolated only infrequently. This is due, at least in part, to the technique for isolation of influenza 0000-8856 © 1989 SGM C virus which depends on amniotic inoculation of embryonated hens' eggs, and is too laborious for routine use. Therefore, development of a tissue culture method for primary isolation of the virus is required to improve understanding of the epidemiology of influenza C.
In the present study, the levels of influenza C virus binding to a total of 25 established lines of mammalian cells were investigated to obtain information about the distribution of Oacetylsialic acids among these tissue culture cells. During the course of these experiments, a human malignant melanoma cell line, HMV-II, was found to have a large number of influenza C virus receptors and to be far more susceptible to the virus than the cell types currently used for its propagation (e.g. MDCK, LLC-MK2). We also found that HMV-II cells were useful as a host for primary isolation of influenza C virus from clinical specimens.
METHODS

Cells and viruses.
The cell cultures used in this study are listed in Table 1 . HMV-II cells were obtained from Dr T. Kasuga (The 2nd Department of Pathology, Tokyo Medical and Dental University), HMY-I and HSC-I ceils from Dr K. Aso (Department of Dermatology, Yamagata University), YTS-1 and YTS-3 cells from Dr K. Suzuki (Department of Urology, Yamagata University), T-24 and E J-1 cells from Drs T. Suto and K. Kudo (Department of Microbiology, Akita University), Kato-III, TE-I, HPC, WISH and FL ceils from Dr K. Sugamura (Department of Bacteriology, Tohoku University), PC-I, PC-3, PC-10 and PC-13 ceils from Dr Y. Hayata (Department of Surgery, Tokyo Medical College) and WM-9 cells from Dr H. Hotta (Department of Microbiology, Kobe University). All of these cells were grown in RPMI 1640 medium containing 10~ bovine serum, except for PC-1 cells which were grown in RPMI 1640 medium supplemented with 10~ foetal calf serum. HeLa, HEp-2, HEL-R66, MDCK, LLC-MK2, MDBK and L ceils were grown in Eagle's MEM plus 10~ bovine serum. The Ann Arbor/1/50, Yamagata/11/81, Aichi/1/81 and Nara/82 strains of influenza C virus were grown in the amniotic cavity of 9-day-old embryonated hens' eggs as described (Yokota et al., 1983) . The WSN/34 (H 1N 1), FM/1/47 (H1N1) and Victoria/3/75 (H3N2) strains of influenza A virus and the Yamagata/53/77 strain of influenza B virus were all grown in the allantoic cavity of 10-day-old embryonated hens' eggs as described elsewhere (Nakamura et al., 1981) .
Binding experiments with [3H]glucosamine-labelled influenza C virions. Confluent monolayers in 35 or 60 mm Petri dishes were washed in phosphate-buffered saline lacking Ca z+ and Mg 2÷, pH 7.2 (PBS) and dispersed into single cell suspensions using the same buffer containing 0.05~ (w/v) trypsin and 0.05~ (w/v) EDTA. Preliminary studies with several cell lines (MDCK, LLC-MK~_, HMV-I, HMV-II) showed that the use of these concentrations of reagents did not significantly influence the level of virus binding to the cells (data not shown). After being washed in PBS, cells (5 x 105) were resuspended in 100 ktl PBS containing 4000 c.p.m, of [3H]glucosamine-labelled influenza C virions with a specific activity of about 150 c.p.m, per haemagglutination unit (HAU). The mixture was then incubated at 0 °C for 1 h with frequent mixing. At the end of the incubation period, unadsorbed virus was removed by washing in PBS, and the cell-associated radioactivity was determined as described . Growth of [3H]glucosamine-labelled influenza C/Ann Arbor/I/50 virions in MDCK cells and their purification were done according to the procedures described previously .
Haemadsorbed cell counting method. Confluent monolayers in 35 mm Petri dishes were inoculated with 0.2 ml of serial 10-fold dilutions of virus stock (Ann Arbor/I/50) and incubated at 34 °C. After an adsorption period of 1 h, unadsorbed virus was removed and 1 ml of maintenance medium (serum-free RPMI 1640 or MEM) was added. After a further incubation at 34 °C for 47 h, the haemadsorption test was performed with 1 ml of 1 ~ chicken erythrocytes and cell infectious units (CIU) were determined as described by Kashiwazaki et al. (1965) .
Quantitative haemadsorption test. The amounts of chicken erythrocytes adsorbed to the infected cells were measured by the method of Nakamura & Homma (1974) .
Haemagglutination (HA) and plaque titrations. HA titrations were performed in microtitre plates in a final volume of 200 ktl, using 0.5 ~ chicken erythrocytes. Plaque titrations of influenza C virus on LLC-MK 2 cells were carried out according to the method described by Nerome et al. (1979) .
Primary isolation of influenza C virus in HMV-H cells. This was done according to the microtitre plate method described by Numazaki et al. (1987) . Briefly, throat swabs taken from the patients described in the text were suspended in 3 ml of MEM containing 0.5~ gelatin, 0.02~ bovine serum albumin, 500 units/ml of penicillin and 500 og/ml of streptomycin, and then clarified by centrifugation at 3000 r.p.m, for 15 min. Monolayers of HMV-II cells, prepared in fiat-bottomed tissue culture plates (8 x 12 wells, Toyoshima) were washed with PBS and 0.1 ml of serum-free RPMI 1640 containing 20 ~tg/ml trypsin (type I, Sigma) was added to each well. A throat swab specimen was then inoculated into each of two wells (0.1 ml for each), and the plates were incubated at 33 °C in a CO2 incubator. Ten days after inoculation, culture media were tested for the presence of haemagglutinating agents by mixing 20 Ixl of the medium with an equal volume of chicken erythrocyte suspension (1 ~) and examination for haemadsorption of detached cells under a microscope.
Haemagglutination inhibition (H1) test.
This was done in microtitre plates according to the procedures described by Katagiri et al. (1983) .
Identification of isolated virus by Western blotting. Influenza C virus isolated as above was propagated in embryonated hens' eggs and purified as described previously . The purified virions, disrupted with 2~ SDS and 5~ 2-mercaptoethanol, were subjected to SDS-PAGE, and viral proteins were transferred to a nitrocellulose filter by the method of Towbin et al. (1979) . Immunoblotting was then carried out according to procedures described in detail elsewhere , using rabbit antiviral serum raised against either A/FM/I/47, B/Lee/40 or C/Ann Arbor/I/50 virus and anti-rabbit IgG goat serum conjugated to horseradish peroxidase (Miles Laboratories). The antiviral sera described above were all prepared in rabbits by immunizing with purified virions grown in eggs according to described protocols (Yokota et al., 1983) . The HI titres of antisera against A/FM/1/47, B/Lee/40, and C/Ann Arbor/l/50 were 12800, 6400, and 5120 HI units (HIU)/ml respectively.
RESULTS
Influenza C virus binding to various cell line cultures
To estimate the relative number of influenza C virus-specific receptors on the surfaces of different cell types, the levels of virus binding were compared among a total of 25 lines of mammalian cells (17 human tumour cell lines, four human cell lines of normal tissue origin, four cell lines from normal tissues of other species), using C/Ann Arbor/l/50 virions labelled with [3H]glucosamine (Table 1 ). The human malignant melanoma cell lines analysed all clearly exhibited higher levels of virus adsorption than did MDCK cells which are known to be highly susceptible to influenza C virus (O'Callaghan et al., 1977; Nerome & Ishida, 1978) . This is not specific to human melanoma cells, however, since comparable or even higher levels of virus binding were seen with two human tumour cell lines originating from other tissues (PC-10, YTS-1) as well as with a cell line of human placenta origin (HPC).
Twenty of the 25 cell cultures were further examined for their ability to support the multiplication of the influenza C/Ann Arbor/I/50 strain. The results from the haemadsorbed cell counting method (Table 1 ) demonstrated that the virus grew efficiently only in those host cell types which displayed high levels of virus attachment, and thus the highest CIU titres were obtained with HMV-II and PC-10 cells. It should be noted, however, that HPC cells failed to support the growth of influenza C virus despite being relatively rich in virus-binding sites, suggesting that a lack of receptors is not the sole factor restricting virus replication. The high sensitivity of HMV-II and PC-10 cells to influenza C virus was also confirmed by titrating the haemagglutinin released into culture fluids; the virus yields from these types of cell culture were significantly higher than from MDCK cells (Table 1) .
Influenza C virus replication in HMV-H cells
The data shown above suggested that PC-10 and HMV-II cells were more susceptible to influenza C virus infection than any of the other cultures. However, the maintenance of infected PC-10 cells (irrespective of the multiplicity of infection) for a period longer than 5 or 6 days was difficult since cellular disintegration, probably due to a rapid decrease in the pH of the medium, occurred extensively. Thus the use of this cell type for primary isolation of influenza C virus appeared to be impossible. Further studies on the replication of influenza C virus were therefore carried out with HMV-II cells only.
To compare the kinetics of influenza C virus growth in HMV-II cells with that in MDCK cells, cell cultures were infected with the C/Ann Arbor/I/50 strain at a multiplicity of approx. 10 p.f.u./cell, and were monitored for viral growth by haemadsorption and HA titration of culture fluids (Fig. 1) . Haemadsorption-positive cells began to appear in HMV-II cells as early as 6 h post-infection (p.i.), and almost all of the cells became positive by 12 h p.i. The degree of haemadsorption, as determined by the quantitative haemadsorption method, continued to increase up to at least 72 h p.i. In contrast, haemadsorbed cells could be recognized first in MDCK cultures at 24 h p.i., and their number reached a maximum at 48 h p.i. Even at this time, however, the proportion of haemadsorption-positive cells was less than 50~. Although the release of haemagglutinin from both HMV-II and MDCK cells into the culture media became detectable at 24 h p.i., the former cell culture yielded higher titres of HA than the latter throughout the observation period. When the purified virions produced from HMV-II cells were analysed by SDS-PAGE, their protein composition was indistinguishable from that of MDCKgrown virions, with all of the HE glycoprotein in an uncleared form (data not shown). Additionally, pulse labelling of infected HMV-II cells with [3SS]methionine followed by immunoprecipitation with rabbit antiviral serum revealed that synthesis of the major viral proteins (HE, NP, M) became detectable in the cells as early as 5 h p.i. (data not shown).
To examine whether influenza C virus undergoes multiple cycle replication in HMV-II cells, the haemagglutinin C/Ann Arbor/I/50 strain was inoculated onto the cell culture at a multiplicity of 0.001 p.f.u./cell and then allowed to grow at 34 °C in the presence of trypsin (lyophilized; Worthington Biochemical Corp.) at various concentrations. The release of haemagglutinin into the culture media remained at an undetectable level in the absence of trypsin, but in the presence of 5 to 20 gg/ml trypsin virus production became detectable by 2 to 3 days p.i. and increased to a titre of 384 HAU/ml or greoter by 7 to 8 days p.i. (data not shown). The cultivation of influenza C virus under multiple cycle growth conditions was therefore performed in the presence of 10 txg/ml of trypsin in all of the experiments described below. We should mention here that HMV-II cells came off the plates soon after the addition of trypsincontaining medium but that most of the detached cells remained viable for at least 2 weeks.
IP
Among the established cell lines tested so far, MDCK and LLC-MK2 cells are believed to be the most susceptible to influenza C virus (O'Callaghan et al., 1977; Nerome & Ishida, 1978; Nerome et al., 1979; Herder & Klenk, 1978) . The efficiency of multiple cycle replication of the virus was therefore compared between three types of cultured cells: HMV-II, MDCK and LLC-MK2. As shown in Table 2 , HMV-II cells supported virus growth even when infected with virus stock at a dilution as high as 10 -s, whereas little or no viral growth was seen in either MDCK or LLC-MKz cells infected at a dilution of 10 -3 or higher. The sensitivity of HMV-II ceils to influenza C virus was further compared with that of the amniotic membranes of embryonated hens' eggs. When the infectivity of C/Ann Arbor/I/50 stock virus (3.5 x 10 v p.f.u./ml) was assayed in both systems, titres of 108.5 TCIDso/ml and 109.7 EIDs0/ml were obtained with HMV-II cells and eggs, respectively.
The ability of HMV-II cells to support the replication of influenza C virus strains other than C/Ann Arbor/I/50 (C/Aomori/74, C/Yamagata/11/81, C/Aichi/1/81, C/Nara/82) was investigated under one-step as well as multiple-step growth conditions (Table 3) . Under one-step growth conditions, the production of high titres of haemaggtutinating particles was observed with all of the strains tested. Furthermore, when the infectivity of these viruses was assayed in HMV-II cells by means of the serial dilution endpoint method, titres ranging from 10 v's to 108"s TCIDs0/ml were obtained, indicating that they were all able to replicate efficiently in these cells even under multiple cycle growth conditions. Ix. NISHIMURA AND OTHERS 10 -5 + + + + --256 < < 10 -6 + + + + ----256 < < 10 -7 + + + + ----96 < < 10 -s
* Cells were infected with serial 10-fold dilutions of stock virus (C/Ann Arbor/i/50; 3.5 x 107 p.f.u./ml), and haemadsorption tests and HA titrations of culture media were performed at 8 days p.i.
t The extent of haemadsorption was scored as follows: + + + +, almost all cells were positive; -4-some cells (< 10~) were positive; -, positive cells were undetectable or very few, if any.
:~ ND, Not determined. § Less than 2 HAU/ml. * Cells were infected with each virus at a multiplicity of 10 p.f.u, or 10 EID50 per cell, and HA titres of extracellular fluids were measured at 5 days p.i. for influenza C virus strains and 2 days p.i. for influenza A and B virus strains.
t Infectivities of influenza C strains were measured by the plaque method, and those of influenza A and B viruses by the endpoint dilution method using embryonated hens' eggs.
Susceptibility of HMV-H cells to influenza A and B viruses
The sensitivity of HMV-II cells to several representative strains of influenza A and B viruses was also investigated. As summarized in Table 3 , all of the strains tested grew productively in HMV-II cells under both one-step and multiple-step growth conditions.
Primary isolation of influenza C virus in HMV-H cells
The finding that HMV-II cells were extremely sensitive to influenza C virus prompted us to utilize this host cell type for primary virus isolation from clinical specimens. A total of 241 throat swabs were collected from patients with acute respiratory illness who had visited the outpatient clinic or had been hospitalized in Yamagata City Hospital Saiseikan, between April and June 1988, and virus isolation was attempted according to the procedures described in the Methods. A total of 20 agents having the ability to agglutinate chicken erythrocytes were recovered. Two of these agents, isolated from two swabs taken from a patient (3-year-old, female) on 14 and 16 June, were identified as influenza C virus; their haemagglutinating activity was specifically (1988) also reported that Cancer antennarius lectin, which had a high specificity for O-acetylsialic acids, bound strongly to all human melanoma cell lines analysed by recognizing O-acetyl GD3. This species of ganglioside was detectable on the melanoma surface but not on normal human tissues, and thus may represent an important tumour marker for the detection of human melanoma. The chemical nature of the O-acetylated glycoconjugates responsible for influenza C virus attachment to particular cultured cells remains to be determined in future studies. Nevertheless, the observation that high levels of virus binding were not restricted to cultures of malignant melanoma origin strongly suggests that the abundance of O-acetylsialic acidcontaining glycoconjugates is not a feature unique to human melanoma, a finding which is not incompatible with the results of Kamerling et al. (1982) showing that a large amount of Neu5,9Ac2 (70 to 100~ of the total sialic acids) is present in human B lymphocytes.
Epidemiological studies of influenza C virus have been severely hampered by the lack of a cell culture system suitable for primary virus isolation. Although a number of cell types, including primary monkey cells (Takemoto et al., 1955; Mogabgab, 1961 ; Chakraverty, 1974) , primary chicken kidney cells (Petri et al., 1979) , LLC-MK2 cells (Nerome et al., 1979) and MDCK cells (O'Callaghan et al., 1977 ; Nerome & Ishida, 1978) , have been reported to have a high sensitivity to influenza C virus, virus isolation from throat washings or swabs has been successful only in primary cultures of monkey kidney cells (Takemoto et al., 1955; Mogabgab, 1961) . Besides, the use of primary monkey kidney cells for influenza C virus isolation is becoming restricted since the cells can no longer be generally obtained. The results of this study indicate that HMV-II cells, a cell line derived from a human malignant melanoma , can be used as a host for the primary isolation of this virus. Comparative studies on the efficiency of virus isolation in HMV-II cells and chick embryos have not been done as yet. However, the simplicity of our method, one of its advantages over the amniotic inoculation method, should greatly facilitate routine work for virus isolation from a large number of clinical specimens.
It has been shown recently that cultivation of influenza A and B viruses in eggs selects subpopulations antigenically distinct from the same virus source grown in mammalian cell cultures, and that egg-grown viruses are antigenically less similar than their mammalian cellgrown counterparts to the viruses that replicate in humans (Schild et al., 1983; Katz et al., 1987; Robertson et al., 1987) . It is important to determine whether this variation also occurs with influenza C virus since antigenic characterization of virus strains for epidemiological purposes has been performed exclusively with egg-grown virus. Isolation of influenza C strains in HMV-II cells has provided us with an opportunity to investigate the effect of cultivation in eggs on the antigenic properties of the virus, and such studies are now in progress.
In addition to influenza C virus, a number of parainfluenza viruses have also been isolated from patients with acute respiratory infections through the use of HMV-II cells; this may prove to be a further advantage of our method over the conventional method using chick embryos. Moreover, isolation of influenza A and B viruses may also be possible in this system since the representative strains of these viruses grew fairly well in HMV-II cells under both one-step and multiple-step growth conditions. This work was supported by a Grant-in-Aid for Scientific Research from the Ministry of Education, Science and Culture, Japan, a Grant-in-Aid from the Japan Medical Association, and The Naito Foundation.
